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Abstract:  Medullary thyroid carcinoma (MTC) is a rare neuroendocrine tumor accounting 
for less than 5% of all thyroid cancers. An estimated 25% of cases are familial secondary 
to a germline mutation on the rearranged during transfection proto-oncogene (RET); this 
gene can be present as a somatic mutation in approximately 40%–60% of sporadic MTC 
tumors. There is an existing genotype-phenotype correlation in the clinical behavior of 
MTC, with the RET M918T variant associated with aggressive disease. The current systemic 
treatment profile for progressive metastatic MTC involves antiangiogenics multikinase 
inhibitors (MKI), specifically cabozantinib and vandetanib, and high-specific RET inhibitor 
therapy. Decisions on the timing of systemic therapy initiation in this population should 
involve multidisciplinary care and individualization on a case-by-case scenario; a 
comprehensive evaluation of performance status, tumor burden, progression rate, medical 
comorbidities, possible medication interactions, and goals of care must be considered in 
a patient-centered approach. This review summarizes the evidence on the safety, efficacy, 
and limitations of systemic therapies for MTC; the aim is to empower clinicians with the 
knowledge to optimally manage patients with advanced, progressive, or metastatic MTC.

Plain language summary 
Treatment options for metastatic medullary thyroid carcinoma

Medullary Thyroid Carcinoma (MTC) is a rare type of thyroid cancer, making up less than 5% 
of all cases. Some people inherit this condition due to a mutation in a specific gene called 
RET, while others develop it sporadically, with this gene being mutated in about 40-60% of 
these cases. The behavior of the disease can vary, and certain genetic changes, like the RET 
M918T variant, are linked to more aggressive forms of MTC. When MTC becomes advanced 
or spreads, treatment usually involves special drugs called multikinase inhibitors (MKI), 
like cabozantinib and vandetanib, which target the cancer’s growth pathways. There’s also 
a treatment specifically designed to block the RET gene’s activity. Deciding when to start 
these treatments isn’t straightforward. It requires a careful evaluation of each patient’s 
overall health, how much the cancer has spread, how quickly it’s progressing, other medical 
conditions, potential drug interactions, and the patient’s personal treatment goals. This 
decision-making process is best handled by a team of specialists who can tailor the approach 
to each individual’s needs. This summary provides an overview of the current treatments for 
MTC, focusing on their safety, effectiveness, and limitations, with the goal of helping doctors 
make informed decisions for managing patients with advanced stages of this disease.

Keywords:  cabozantinib, calcitonin, medullary thyroid carcinoma, selpercatinib, vandetanib

Received:  29 September 2024; revised manuscript accepted: 1 April 2025.

Correspondence to:	  
Alejandro Román-
González  
Section of Endocrinology, 
Department of Internal 
Medicine, School of 
Medicine, Universidad de 
Antioquia, (University of 
Antioquia), Cra. 51d No. 
62-29, Medellín 050001, 
Colombia 
alejandro.roman@udea.
edu.co

Ines Califano
Endocrinology Service, 
Instituto de Oncología 
“Angel H. Roffo” (Angel 
H. Roffo Institute of 
Oncology), University of 
Buenos Aires, Buenos 
Aires, Argentina

Marcio Concepción-
Zavaleta
Carrrera de Medicina 
Humana Universidad 
Científica del Sur 
(Scientific University of the 
South), Lima, Peru

Fabian Pitoia
Division of Endocrinology, 
Hospital de Clínicas 
(Clinics Hospital), 
University of Buenos Aires, 
Buenos Aires, Argentina

Sarimar Agosto Salgado
Department of Head and 
Neck-Endocrine Oncology, 
Moffitt Cancer Center, 
Tampa, FL, USA

1336091 TAE0010.1177/20420188251336091Therapeutic Advances in Endocrinology and MetabolismA Román-González, I Califano
review-article20252025

Review

https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tae
mailto:alejandro.roman@udea.edu.co
mailto:alejandro.roman@udea.edu.co


Therapeutic Advances in 
Endocrinology and Metabolism Volume 16

2	 journals.sagepub.com/home/tae

Introduction
Medullary thyroid cancer (MTC) is a rare neu-
roendocrine tumor arising from the parafollicular 
cells of the thyroid gland.1 MTC can occur in 
both sporadic and hereditary forms. Sporadic 
MTC accounts for approximately 75% of cases, 
while the remaining 25% are associated with 
inherited germline mutations in the rearranged 
during transfection (RET) proto-oncogene.2 
Hereditary MTC can occur as part of multiple 
endocrine neoplasia (MEN) syndromes, primar-
ily MEN 2A and MEN 2B. Patients with these 
inherited syndromes have a high risk of develop-
ing MTC, often at a younger age, and may also be 
predisposed to other endocrine tumors, such as 
pheochromocytoma.3,4

The clinical presentation of MTC can vary 
widely; the most common initial symptom is the 
presence of a thyroid nodule. Other presenting 
features may include metastatic disease, symp-
toms related to hormonal hypersecretion (such as 
diarrhea and facial flushing), ectopic Cushing’s 
syndrome, or discovery during family screening.5 
One of the critical reasons for the poor prognosis 
associated with MTC is the late stage at which it 
is often diagnosed, with 70% of patients present-
ing with cervical lymph node metastases and 
10% having distant metastases at the time of 
diagnosis.2

The epidemiology of MTC reflects its rarity 
among thyroid malignancies. In the United 
States, it is estimated that approximately 1200 
new cases of MTC are diagnosed each year and 
account for less than 5% of all thyroid cancers.6 
Despite its low prevalence, MTC is responsible 
for 13% of deaths attributed to thyroid cancer, 
highlighting its aggressive nature and significant 
impact on mortality within the thyroid cancer 
population.7,8 Furthermore, approximately 
10.5% of patients with metastatic thyroid carci-
noma have MTC.2,7–9 The prognosis for patients 
with MTC is generally poor, particularly for those 
with metastatic disease. The 10-year survival rate 
for patients with metastatic MTC is only 21%.6

Over the past decade, the landscape of systemic 
treatment for MTC has evolved significantly with 
the introduction of several targeted tyrosine 
kinase inhibitors (TKIs).10 These agents, which 
include the FDA-approved multikinase inhibitors 
(MKI) vandetanib,11 cabozantinib,12 and the 
highly selective RET inhibitor, selpercatinib,13 

have demonstrated improved progression-free 
survival (PFS) and, in some cases, overall survival 
compared to traditional cytotoxic chemotherapy. 
The approval of these TKIs has provided clini-
cians with more effective systemic treatment 
options for patients with advanced, progressive, 
or metastatic MTC. Despite the progress made 
with targeted therapies, the management of MTC 
remains challenging, and the prognosis for 
patients with advanced disease remains guarded. 
Ongoing research is focused on identifying addi-
tional therapeutic targets, exploring combination 
strategies, and optimizing the use of existing 
treatments to further improve outcomes for 
patients with this rare and aggressive form of thy-
roid cancer.2,14

This review will provide a comprehensive over-
view of the current systemic treatment options for 
MTC, focusing on the efficacy, safety, and practi-
cal considerations for utilizing these therapies in 
clinical practice. By summarizing the available 
evidence and highlighting the evolving treatment 
landscape, this review aims to assist clinicians in 
the optimal management of patients with 
advanced, progressive, or metastatic MTC.

Molecular basis of MTC
The discovery of RET as the central molecular 
event driving oncogenesis in hereditary MTC and 
in RET-somatic mutated MTC allowed for the 
development of systemic treatments for this dis-
ease.15,16 RET is a proto-oncogene that encodes a 
tyrosine kinase protein. It is located on chromo-
some 10q11.2.17 This gene was discovered by 
Takahashi in 1985 and is expressed in cells 
derived from the neural crest.17 RET pathogenic 
variants produce constitutive activation of this 
receptor’s kinase function, thus keeping the sign-
aling pathways of this receptor active, generating 
proliferation of thyroid parafollicular C cells. 
Germinal activating RET mutations can be found 
in nearly 100% of hereditary MTC.18,19 The most 
frequent mutations are found in the extracellular 
domain of the receptor and are located in exon 11 
(involving codon 634) and 10. M918T muta-
tions, albeit infrequent, are distinctively associ-
ated with the highest risk hereditary MTC, 
MEN2B.20 Several other mutations, both in the 
extracellular and intracellular domains of RET 
are also described in hereditary MTC.21 Somatic 
RET mutations constitute the main oncogenic 
driver in sporadic MTC. RET M918T is the most 
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frequently found mutation in this setting and cor-
relates with clinical aggressiveness. Other RET 
mutations, occurring less often, are also described 
in sporadic MTC. Sporadic MTC with wild- 
type RET frequently harbor somatic RAS 
mutations.22–24

The RET protein has an extracellular ligand-
binding domain composed of a cadherin-like 
region and a highly conserved cysteine-rich 
domain. The intracellular region consists of two 
tyrosine kinase domains. Ligand binding causes 
the cysteine-rich domain to facilitate receptor 
dimerization, producing autophosphorylation 
and activation of tyrosine kinase and signaling 
pathways including RAS/RAF/MAPK, PI3K/
AKT, and JAK/STAT.25

Although it is not clear how RET mutations pro-
duce medullary carcinoma, recent studies impli-
cate the transcription factor ATF4 in the RET 
pathway as a factor involved in MTC pathogene-
sis.26 ATF4 is a transcription factor of the CREB 
family that plays a role in regulating the stress 
response. This factor activates and increases the 
expression of NOXA and PUMA proteins. These 
two proteins activate the caspase pathway and 
promote apoptosis. The permanent activation of 
mutated RET in MTC decreases ATF4 transcrip-
tion and stimulates its ubiquitination and subse-
quent degradation. Therefore, it causes 
downregulation of NOXA and PUMA, which 
decreases cell apoptosis.27 Another important 
alteration in MTC is the increased expression of 
vascular endothelial growth factor (VEGF), 
which influences the angiogenesis, invasion, and 
metastasis capacity of this tumor.28,29 Mutations 
in HRAS, KRAS, BRAF, KT, MLH1, STK11, 
and MET have also been described at low fre-
quency.26 Recently, biallelic inactivation of the 
NF1 gene has been identified as a driver mutation 
in patients with MTC who are negative for RET 
and RAS mutations. This discovery may help to 
clarify the etiology of some tumors previously 
classified as sporadic MTC.30

Multikinase inhibitors

Vandetanib
Vandetanib is an MKI approved for advanced 
MTC,10,31 targeting the RET oncogene, VEGF 
receptor (VEGFR-2 and 3), epidermal growth 
factor receptor (EGFR), and slightly VEGFR-1 

involved in tumor proliferation, angiogenesis, 
invasion, and metastasis of MTC.32,33 These 
mechanisms of action explain its effectiveness in 
the treatment of advanced MTC.31 It has been 
approved by the FDA and European Medicines 
Agency (EMA) for the treatment of adult patients 
with symptomatic, unresectable, locally advanced, 
or metastatic MTC, based on the results provided 
in the ZETA study.34–36

The ZETA study.  This was a multicenter, random-
ized, double-blind phase III clinical trial that eval-
uated the efficacy and safety of vandetanib in 
patients with advanced MTC. The trial included 
331 patients with locally advanced or metastatic 
MTC who were randomized to vandetanib 300 mg 
daily or placebo until disease progression. This 
study found that patients treated with vandetanib 
showed an improvement in PFS compared to pla-
cebo (hazard ratio (HR) 0.46; 95% confidence 
interval (CI) 0.31–0.69, p < 0.001). The median 
PFS was 19.2 months in placebo compared to a 
predicted (median not achieved, 27.9 months, 
95% CI 19.4%–not estimable) median PFS of 
30.5 months in the vandetanib group.35

Furthermore, vandetanib demonstrated improve-
ment in objective response rate (ORR; 20%, 95% 
CI 8%–39%), disease control rate (73%, 95% CI 
54%–88%), and calcitonin and CEA levels.11 An 
essential piece of information is that documenta-
tion of RECIST tumor progression was not man-
datory to participate in this trial.35 Post hoc 
analysis of the ZETA trial evaluating patients 
with symptomatic and progressive disease 
(n = 184) also demonstrated improvements in 
PFS. The overall response rate was 37% versus 
2% in the placebo group, suggesting benefit in 
patients with progressive disease.36 Table 1 pre-
sents the response in clinical trials and the main 
side effects associated with systemic treatments 
for MTC. Other studies have found that long-
term users of vandetanib (more than 48 months) 
maintain a long-term benefit and that younger 
age at diagnosis and absence of disease progres-
sion before treatment are considered predictors of 
a durable response.37

The most common side effects associated with 
vandetanib are hypertension, diarrhea, dermati-
tis, fatigue, nausea, headache, hypocalcemia, 
decreased glucose, increased alanine aminotrans-
ferase, QT prolongation, and torsades de 
pointes.38 After 48 months of vandetanib use, 
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cases of renal failure, heart failure, cholecystitis, 
acute pancreatitis, posterior encephalopathy, and 
skin cancer have been reported37 (Table 1).

The EMA has highlighted the importance of RET 
mutation status in guiding the use of vandetanib 
for advanced MTC.39 While vandetanib is 
approved for treating symptomatic, aggressive, 
and unresectable locally advanced or metastatic 
MTC, its efficacy is reportedly lower in patients 
without RET mutations. Consequently, the EMA 
recommends determining RET mutation status 
when feasible to inform treatment decisions and 
specifically recommends that vandetanib should 
not be administered to patients in whom RET 
mutation status is not known or is negative (https://
www.ema.europa.eu/en/documents/dhpc/

direct-healthcare-professional-communication- 
dhpc-caprelsa-vandetanib-restriction-indication_
en.pdf).

Additionally, the EMA has mandated further 
research to evaluate the benefit-risk profile of 
vandetanib in RET-negative patients, such as the 
international observational study (Caprelsa 104), 
which aims to compare PFS between RET-
positive and RET-negative groups. These find-
ings emphasize the need for personalized 
therapeutic strategies in MTC management.

Cabozantinib
Cabozantinib is an MKI targeting VEGFR1, 
VEGFR2, RET, and c-MET.40 Currently, this 

Table 1.  Response and side effects of systemic treatments for MTC.

Treatment PFS (months) ORR AE AE ⩾3 DR and DD

Vandetanib
(ZETA)

30.5 vs 19.3 45% vs 
13%

Diarrhea (56%)
Rash (45%)
Nausea (33%)

Diarrhea (11%)
Hypertension (9%)
QT prolongation (8%)
fatigue (6%)

DR: 35%
DD: 12%

Cabozantinib
(EXAM)

11.2 vs 4 28% vs 
0%

Diarrhea (63%)
HFS (50%)
Weight loss (48%)
decreased appetite (46%), 
nausea (43%), fatigue (41%), 
dysgeusia (34%), hair color 
changes (34%), hypertension 
(33%)

Diarrhea (16%), HFS (13%), 
fatigue (9%), hypertension 
(8%), asthenia (6%)

DR: 79%
DD: 16%

Selpercatinib
(LIBRETTO)
Previously 
treated

34 73% Dry mouth (36%), hypertension 
(32%), fatigue (35%), 
edema (34%), diarrhea 
(25%), increased aspartate 
aminotransferase level 
(26%); increased alanine 
aminotransferase level (25%); 
constipation (21%);

Hypertension (14%), 
increased alanine 
aminotransferase (7%), 
increased aspartate 
aminotransferase (6%)

DR: 36%
DD:4%

Treatment 
naïve

Not reached 81%

Pralsetinib
(ARROW)
Previously 
treated

25.8 52.2% Serious AE: 17.9%
G ⩾3: 62.8%

DR: 53%
DD: 6%

Treatment 
naïve

Not reached 71.6%  

AEs, adverse events; DD, dose discontinuation; DR, dose reductions; MTC, medullary thyroid cancer; ORR, objective response rate; PFS, 
progression-free survival.
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drug is approved for the treatment of metastatic 
renal cell carcinoma, MTC, and hepatocellular 
carcinoma. Recent clinical trials have shown 
promising results in metastatic pheochromocy-
toma and adrenocortical carcinoma.41,42

The EXAM study.  This phase III clinical trial 
included 330 patients with recurrent, metastatic, or 
locally advanced unresectable MTC. Patients were 
randomized to receive either cabozantinib at a dose 
of 140 mg or placebo. The study demonstrated a 
significant improvement in PFS for the cabozan-
tinib group compared to the placebo group, with a 
median PFS of 11.2 versus 4 months, respectively 
(HR 0.28, 95% CI 0.19–0.40). A partial response 
(PR) was observed in 27% of the patients treated 
with cabozantinib.12 Final survival analysis showed 
a 5.5-month increase in overall survival. However, 
this was not statistically significant (26.6 vs 
21.1 months, HR 0.85, CI 0.64–1.12; p = 0.24). 
Interestingly, survival was longer in patients har-
boring RET M918T mutated tumors (44.3 vs 
18.9 months, HR 0.60, 95% CI 0.38–0.94).43

Cabozantinib is associated with a range of adverse 
events (AEs) that physicians should recognize 
timely for appropriate management. The most 
common AEs reported include diarrhea, fatigue, 
nausea, decreased appetite, palmar-plantar eryth-
rodysesthesia syndrome (hand-foot syndrome), 
weight loss, and dysgeusia (altered taste; Table 1). 
These events are typically mild to moderate in 
severity but can significantly impact a patient’s 
quality of life if not properly managed. Diarrhea is 
one of the most frequently reported AEs, occurring 
in up to 69% of patients. This can lead to dehydra-
tion, electrolyte imbalances, and impaired nutri-
tional status if not promptly addressed. Prompt 
intervention with anti-diarrheal medications, dose 
modifications, and supportive care is essential to 

manage this side effect. Palmar-plantar erythro-
dysesthesia syndrome, or hand-foot syndrome, is 
another common AE, affecting up to 45% of 
patients. This condition is characterized by red-
ness, swelling, and pain in the palms of the hands 
and soles of the feet, which can be debilitating and 
lead to difficulty with daily activities. Proper skin 
care, dose modifications, and the use of topical 
treatments are important in managing this side 
effect. Fatigue is also a frequently reported AE, 
occurring in up to 45% of patients. This can sig-
nificantly impact a patient’s quality of life and abil-
ity to perform daily activities. Careful monitoring 
and the use of supportive measures, such as energy 
conservation techniques and physical therapy, are 
important in managing cabozantinib-related 
fatigue. In addition to these common AEs, cabo-
zantinib has also been associated with more seri-
ous, potentially life-threatening side effects, 
including hemorrhage, gastrointestinal perfora-
tions and fistulas, thrombotic events, impaired 
wound healing, hypertension, proteinuria, hypoc-
alcemia, increased liver enzymes, and osteonecro-
sis of the jaw (Table 1).

Selective RET inhibitors
The advantages of selective RET inhibitors reside 
in their higher potency, fewer toxicities, and less 
frequent interaction with other drugs. Two selec-
tive inhibitors, selpercatinib and pralsetinib, with 
activity against RET-mutated MTC44 (Table 2) 
were developed, and their efficacy and safety were 
favorable both in preclinical assessment and clini-
cal trials.

Selpercatinib
Selpercatinib (formerly known as LOXO-292) 
is a highly selective ATP-competitive small 

Table 2.  Half maximal inhibitory concentration (nM) for multikinase inhibitors and selective RET inhibitors.

Drug RET WT RET M918T RET V804L RET V804M CCDC6-RET VEGFR2

Vandetanib 4 7 3597 726 20 4

Cabozantinib 11 8 45 162 34 4

Selpercatinib 0.4 0.7 – 0.8 – 100

Pralsetinib 0.4 0.4 0.3 0.4 0.4 35

Source: Adapted from Subbiah et al.45

RET, rearranged during transfection; VEGFR, vascular endothelial growth factor receptor; WT, wild type.
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molecule RET inhibitor, with nanomolar 
potency against RET wild type, RET fusions, 
and RET mutations, including gatekeeper muta-
tions, approved for the treatment of advanced 
or metastatic RET-mutated MTC. In addition, 
selpercatinib exhibits intracranial activity.44 
Recently, selpercatinib was also granted FDA 
approval for adult or pediatric patients (2 years 
of age and older) with advanced or metastatic 
RET-fusion positive thyroid cancer (usually fol-
licular cell-derived) who require systemic ther-
apy and who are radioactive iodine-refractory (if 
radioiodine is appropriate).13 It has also shown 
activity in RET-fusion positive non-small cell 
lung cancer46 and in the agnostic setting.13

The LIBRETTO-001 study.  This was an open-label 
phase I–II clinical trial that evaluated the effi-
cacy and safety of selpercatinib in patients with 
RET-mutant MTC.47 One-hundred forty-three 
patients with advanced or metastatic MTC who 
were 12 years of age or older were included. This 
included 55 patients who had previously received 
vandetanib or cabozantinib and 88 patients who 
were not previously treated. Phase I was the 
dose-escalation part of the trial; patients received 
selpercatinib orally at doses ranging from 20 mg 
once daily to 240 mg twice daily. Patients 
enrolled in the phase II part of the trial received 
160 mg twice daily, which is currently the recom-
mended dose. Efficacy was confirmed regardless 
of previous therapies. Objective responses were 
observed in 69% of previously treated MTC 
(9% complete responses, 60% PRs, respectively) 
and 73% of untreated MTC (11% complete 
responses and 61% PRs, respectively). PFS 
could not be estimated in the previously treated 
group and was 23.6 months in the previously 
untreated patients. Responses were observed 
regardless of RET mutation. At 12 months, 82% 
of the previously treated patients and 92% of 
those who had not previously received treatment 
remained progression-free. The most common 
grade 3 or 4 AEs were hypertension (21%), 
increased alanine aminotransferase level (11%), 
increased aspartate aminotransferase level (9%), 
hyponatremia (8%), and diarrhea (6%; Table 1). 
Overall, 30% of patients had dose reductions 
caused by toxicities, and 2% permanently dis-
continued treatment due to AEs. Based on these 
findings, the FDA granted accelerated approval 
for selpercatinib in 2020, for the treatment of 
adult and pediatric patients (12 years of age and 

older) with advanced or metastatic RET-mutant 
MTC who require systemic therapy.13 An addi-
tional objective of this trial was to assess health-
related quality of life (HRQoL) and 
patient-reported outcomes. Diarrhea is a fre-
quent paraneoplastic syndrome in patients with 
advanced MTC and is also the most common 
AE of MKI. HRQoL improved or remained sta-
ble in every domain during treatment with selp-
ercatinib.48 Patient-reported diarrhea and its 
severity both showed improvements at each 
postbaseline assessment during treatment with 
selpercatinib. Rare and atypical side effects have 
been reported with selpercatinib, including chy-
lous effusions49,50; gastrointestinal AEs such as 
changes in bowel habits, abdominal swelling, 
discomfort, anorexia, and nausea51; pulmonary 
AEs such as BRAF-driven pulmonary Langer-
hans cell histiocytosis and fluctuating oblitera-
tive bronchiolitis52,53; as well as weight gain54 and 
erectile dysfunction.55

Long-term data from the LIBRETTO-001 trial 
confirm the safety and efficacy of selpercatinib in 
patients with RET-mutant MTC and RET-
fusion-positive thyroid cancer.56 Among cabozan-
tinib/vandetanib-naïve MTC patients, the ORR 
was 82.5%, with a median PFS not reached at a 
median follow-up of 42.4 months. For pretreated 
MTC patients, the median PFS was 41.4 months. 
In treatment-naïve TC patients, the ORR was 
95.8%, and the median PFS was not reached at a 
median follow-up of 24.9 months. Selpercatinib 
continues to demonstrate durable and robust 
responses, with a favorable safety profile in both 
treatment-naïve and previously treated patients.56 
These findings are highly encouraging and war-
rant further exploration.

The LIBRETTO-531 study.  This global, phase III, 
open-label trial compared the efficacy and safety 
of selpercatinib versus vandetanib/cabozantinib 
(control group) as first-line therapy in patients 
with progressive, locally advanced or metastatic 
RET-mutant MTC.57 A total of 291 patients 
were included (both adult and pediatric 12 years 
of age and older). At a median follow-up of 
12 months, PFS was 16.8 months (95% CI 12.2–
25.1) for the control group, while it was not 
reached for the selpercatinib group. The HR for 
disease progression/death was significantly lower 
for selpercatinib 0.28 (95% CI 0.16–0.48; 
p < 0.001). ORR was higher for the selpercatinib 
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versus the control group (69.4% (95% CI 62.4–
75.8) vs 38.8% (95% CI 29.1–49.2), respec-
tively). Complete and PRs were found more 
frequently in the selpercatinib group (11.9% and 
57.5%, vs 4.1% and 34.7% in the control group). 
The most common AEs in the control group 
were diarrhea (60.8%), palmar-plantar erythro-
dysesthesia syndrome (42.3%), and hyperten-
sion (41.2%), while in the selpercatinib group, 
the most frequent toxicities were hypertension 
(42.5%), dry mouth (31.6%), and diarrhea and 
increase in aminotransferase levels (26.4% each; 
Table 1). The incidence of grade ⩾3 AEs was 
higher in the control group (76.3% vs 52.8% in 
the selpercatinib group). The most frequent 
grade ⩾3 toxicities were hypertension (18.7%), 
increase in the alanine aminotransferase level 
(10.4%), and increase in the aspartate amino-
transferase level and QT prolongation (4.7% 
each). In the control group, dose reductions due 
to AEs were needed in 77% of patients; dose 
interruptions were required in 81.9% and per-
manent discontinuation occurred in 26.8%. 
Dose reductions, interruptions, and permanent 
discontinuation were less frequent in the selper-
catinib group (38.9%, 56.0%, and 4.7%, respec-
tively).57 These results confirmed the benefit of 
PFS and higher ORR, with a more favorable 
safety profile of selpercatinib versus standard of 
care in RET-mutant MTC. This evidence points 
toward selpercatinib as the first-line systemic 
therapy in this population (vide infra). Cur-
rently, the indication of selpercatinib in advanced 
metastatic RET-mutated MTC is under acceler-
ated FDA approval in patients 2 years of age or 
older.

Pralsetinib
Pralsetinib is an inhibitor of wild-type RET, onco-
genic RET fusions, and RET mutations including 
(V804L, V804M, and M918T).

The ARROW study.  The ARROW phase I/II study 
evaluated the safety and antitumor activity of 
pralsetinib, a selective RET inhibitor, in patients 
with RET-altered thyroid cancers.58 Among 122 
patients with RET-mutant MTC and 20 with 
RET-fusion-positive thyroid cancers, pralsetinib 
demonstrated high efficacy. Treatment-naïve 
RET-mutant MTC patients achieved a 71% 
overall response rate (ORR), while those previ-
ously treated with cabozantinib, vandetanib, or 

both had a 60% ORR. RET-fusion-positive thy-
roid cancer patients showed an ORR of 89%. 
Common grade ⩾3 AEs included hypertension 
(17%), neutropenia (13%), lymphopenia (12%), 
and anemia (10%), with serious AEs reported in 
15% of patients. Despite its strong antitumor 
activity, pralsetinib’s safety profile necessitates 
careful management, as 4% of patients discon-
tinued treatment due to AEs, and 1% experi-
enced a fatal treatment-related event. These 
findings support pralsetinib as a promising ther-
apy for RET-altered thyroid cancers.58 Updated 
analysis of the thyroid cancer population 
included 61 patients with RET-mutant MTC 
treated previously with cabozantinib or vande-
tanib and 62 treatment-naïve RET-mutant MTC 
patients. The ORR was 55.7% (95% CI 42.4%–
68.5%) and 77.4% (95% CI 65%–87.1%), 
respectively.59 The recommended dosage of pral-
setinib is 400 mg daily, taken on an empty stom-
ach. The most common AEs include constipation, 
hypertension, fatigue, musculoskeletal pain, and 
diarrhea. Anemia and musculoskeletal pain are 
particularly common with pralsetinib (Table 1). 
However, the manufacturers of pralsetinib 
decided to discontinue the development of phase 
III clinical trial and withdrew the indication for 
RET-mutated MTC in the United States due to 
challenges in initiating the required confirma-
tory phase III AcceleRET-MTC study (https://
i r . b luepr in tmed ic ine s . com/ s t a t i c - f i l e s /
bffb2116-8151-4a0f-84bb-6f0bd5fdbb23).

Additional MKI for MTC

Lenvatinib
Lenvatinib is an MKI primarily targeting VEGFR 
1–3, fibroblast growth factor receptors 1–4, RET, 
c-KIT, and platelet-derived growth factor recep-
tor alpha (PDGFRα). By inhibiting these path-
ways, lenvatinib exerts potent anti-angiogenic 
and anti-proliferative effects.60 Clinical trials and 
guidelines underscore its efficacy in improving 
PFS and overall response rates in radioactive 
iodine-refractory thyroid carcinoma,61 although 
its use is associated with notable adverse effects 
such as hypertension, fatigue, and proteinuria.61 
This drug is not approved for MTC. In a phase II 
trial involving 59 patients with unresectable pro-
gressive MTC, the ORR by RECIST v1.0 was 
36% (95% CI 24%–49%), with all responses 
being partial.62 Importantly, this response was 
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consistent regardless of prior anti-VEGFR ther-
apy. The disease control rate was notably high at 
80% (95% CI 67%–89%), with stable disease 
(SD) observed in 44% of patients. The median 
time to respond was 3.5 months (95% CI 1.9–
3.7), and the median PFS reached 9.0 months 
(95% CI 7.0–not evaluable). Common grade 3/4 
AEs included manageable toxicities such as diar-
rhea (14%), hypertension (7%), decreased appe-
tite (7%), fatigue, dysphagia, and elevated liver 
enzymes (5% each).62

Lenvatinib has shown promise as a salvage ther-
apy for advanced metastatic MTC in patients 
who have lost clinical benefit from previous TKIs. 
In a real-world study involving 10 patients, len-
vatinib demonstrated disease control, with SD 
observed in all patients at the first evaluation, and 
SD or PR maintained in nine patients at the last 
evaluation.63 Bone metastases showed SD control 
in approximately 60% of cases. While tumor 
markers (calcitonin and CEA) initially decreased, 
they increased at later evaluations. AEs necessi-
tated dose reductions in seven patients. This 
study highlights lenvatinib as a potential option 
for patients with progressive MTC, particularly 
those with negative RET status or limited access 
to newer targeted therapies.63

Sorafenib
This MKI is used in the treatment of advanced 
renal cell carcinoma, hepatocellular carcinoma, 
and thyroid carcinoma.64,65 Sorafenib inhibits 
kinases such as VEGFR, RET, RAS, BRAF, and 
PDGFR.65 Common side effects of sorafenib 
include hand-foot skin reaction, diarrhea, hyper-
tension, and fatigue. More severe side effects can 
include cardiovascular events, hemorrhage, and 
hepatotoxicity, necessitating close monitoring 
during treatment.66

In the context of MTC, sorafenib has shown effi-
cacy in managing disease progression. A meta-
analysis of 8 trials involving 101 patients with 
metastatic MTC reported that the overall PR rate 
was 21% (95% CI 9–33), and the SD rate was 
58% (95% CI 41–75).67 This suggests that 
sorafenib can achieve disease control in a signifi-
cant proportion of patients. The most observed 
adverse effects (AEs) included hand-foot syn-
drome, diarrhea, alopecia, mucositis, skin rash, 
fatigue, and hypertension.67

Real-life studies
Real-life studies are crucial in medicine, espe-
cially for drugs treating advanced thyroid carci-
noma, as they provide insights into the drug’s 
effectiveness and safety outside the controlled 
environment of clinical trials. These studies cap-
ture a broader range of patient responses and side 
effects, reflecting diverse populations and real-
world conditions. Consequently, they help refine 
treatment protocols, guide clinical decision-mak-
ing, and improve patient outcomes by bridging 
the gap between clinical research and everyday 
practice. A work published in 2022 evaluated 
real-life studies of MKI in thyroid carcinoma.68 It 
included four studies in MTC with vandetanib, 
cabozantinib, and lenvatinib.63,69–71 These real-
life studies reported comparable PFS to pivotal 
clinical trials and similar toxicity profiles. Other 
studies with smaller samples have also found sim-
ilar results.70,72

Two real-life studies with vandetanib are impor-
tant to mention. The first one is a retrospective 
analysis from Italy with a sample of 79 MTC 
patients treated with vandetanib which identified 
predictors of prolonged response and better out-
comes.34 Patients treated for ⩾12 months demon-
strated significantly longer PFS compared to the 
ZETA trial, with younger age at diagnosis and 
treatment initiation being notable predictors in 
long- and very long-term responders. In addition, 
early treatment initiation in symptomatic patients, 
even without RECIST progression, and the 
development of AEs were associated with 
improved outcomes. These findings highlight the 
importance of timely intervention with vande-
tanib in younger, symptomatic patients with good 
ECOG performance status.34 The second one is a 
long-term follow-up study from the Institut 
Gustave Roussy of 76 patients with advanced 
MTC treated with vandetanib over a maximum 
follow-up of 11 years.37 The median PFS was 
22.7 months, and 27.6% of patients were classi-
fied as long-term users (treatment >48 months), 
with a median treatment duration of 68.1 months 
and a median PFS of 73.2 months. Long-term 
users showed an 85.7% ORR and a median 
response duration of 70.4 months. Younger age at 
diagnosis and the absence of tumor progression 
before treatment initiation were significant pre-
dictors of durable response. However, long-term 
use was associated with late-onset AEs, including 
renal failure.37
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Ectopic Cushing’s and MTC
Paraneoplastic syndrome of ectopic adrenocorti-
cotropic hormone (ACTH) secretion inducing 
severe Cushing syndrome in MTC occurs in 
approximately 0.6% of cases. The presence of 
hypercortisolism resulting from ectopic Cushing’s 
is associated with a dismal prognosis resulting in 
fatal complications in approximately 50% of 
affected cases.73 Therefore, given the poor out-
comes of this associated manifestation, the man-
agement of hypercortisolism should be treated 
urgently as an oncologic emergency. Medical 
management to attempt rapid stabilization may 
include cortisol-lowering therapies, such as 
metyrapone or ketoconazole, mifepristone to 
block the glucocorticoid receptor in hyperglyce-
mic patients, and bilateral adrenalectomy in spe-
cific scenarios, in reality, management of the 
underlying malignancy is essential to provide a 
long-term resolution of the hypercortisolism.74 
MKIs have demonstrated beneficial effects in the 
management of ectopic Cushing’s syndrome from 
MTC-related ACTH secretion.75–78 Recently, 
emerging reports have also supported a beneficial 
effect in hypercortisolism control from high-spe-
cific RET inhibitor selpercatinib in RET-altered 
MTC.79,80 Therefore, based on supporting evi-
dence of oral antineoplastic agents for MTC in 
both tumor responses and rapid hypercortisolism 
control, ectopic Cushing’s in MTC should be 
considered as an urgent indication to start sys-
temic therapy. Aggressive supportive measures to 
monitor electrolytes and resulting complications 
from cortisol excess are essential to facilitate the 
tolerability of systemic therapy.

Resistance to MKI and specific RET 
inhibitors and future options
Patients treated with MKI and RET-specific 
inhibitors may present with acquired resistance, 
defined as an initial clinical response to therapy 
and subsequent resistance to therapy despite con-
tinuous treatment with the MKI,2 or primary 
resistance, where there is no clinical response. This 
last rare situation may present in around 2% of 
clinical trials.57,59,81 Several mechanisms may 
explain resistance to these treatments.82,83 
Resistance may occur due to the selection of clones 
with new on-target somatic mutation or the devel-
opment of alterations off-target, such as MET or 
KRAS amplifications.15,81,83–86 Second-generation 
selective RET inhibitors such as TPX-0046 inhibit 

RET solvent from mutations but lack activity 
against gatekeeper mutations.81 However, the  
clinical trial of TPX-0046 was terminated 
(NCT04161391). Several second-generation RET 
inhibitors are under scrutiny (NCT04161391, 
NCT04683250, NCT05241834).

Treatment selection and timing of systemic 
therapy initiation
The optimal timing for starting systemic treat-
ment in patients with advanced MTC is less clear 
compared to radioiodine-refractory differentiated 
thyroid cancer (DTC).6,87–89 In radioiodine-
refractory DTC, data support that progressing 
target lesions larger than 1 cm in diameter, 
according to RECIST 1.1 criteria (showing more 
than a 20% increase), constitute a clear criterion 
for considering the initiation of systemic 
treatment.71,90–92

As previously mentioned, the ZETA trial, 
although demonstrating an interesting ORR, was 
unable to accurately determine the real PFS in 
the cohort of patients treated with vandetanib.35 
This was primarily because the criteria for initiat-
ing systemic treatment relied mainly on the pres-
ence of advanced disease with calcitonin levels 
exceeding 500 pg/mL. Relying solely on calci-
tonin levels without documented disease progres-
sion through imaging might have resulted in the 
treatment of patients with SD or indolent tumors 
that did not require immediate intervention.35

As the first study with systemic therapy performed 
in thyroid cancer, the ZETA trial underscored the 
importance of documented disease progression as 
a critical inclusion criterion, a principle subse-
quently adopted in the EXAM trial of cabozan-
tinib.12 This highlighted the need for a more 
comprehensive approach to patient selection for 
systemic therapy, combining biomarkers with 
imaging studies to ensure appropriate and timely 
intervention.

The systemic therapies currently approved for 
MTC have not demonstrated an improvement in 
OS. Consequently, there is a lack of evidence-
based guidelines on when to initiate these treat-
ments and how to monitor patients with indolent 
disease. Treatment decisions are primarily based 
on the clinical judgment and experience of health-
care providers. The ESMO guidelines for the 
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management of thyroid cancer strongly recom-
mended to involve a multidisciplinary team—
including surgeons, endocrinologists, nuclear 
medicine physicians, medical and radiation 
oncologists, pain management specialists, and 
palliative care experts—to ensure the best possi-
ble care for these patients.88 Active treatment, 
whether locoregional interventions or systemic 
TKIs, should be considered in cases with symp-
toms, lesions near vital structures, high tumor 
burden, or disease progression.88

On the other side, the first American Thyroid 
Association guidelines for MTC considered that 
asymptomatic patients with small-volume meta-
static disease that remains stable or progresses 
slowly, as determined by anatomical imaging, 
typically do not require immediate systemic ther-
apy. For these patients, whose calcitonin and car-
cinoembryonic antigen doubling times exceed 
2 years, the initiation of systemic treatment may 
not be necessary. Instead, careful monitoring and 
regular follow-up should be prioritized.89

When considering systemic therapy for such 
patients, it is crucial to engage in a comprehensive 
discussion. This conversation should cover the 
potential benefits and risks associated with treat-
ment, the patient’s quality of life, and the natural 
history of their disease. The decision to start sys-
temic therapy should be a shared one, taking into 
account the patient’s preferences, overall health 
status, and the likelihood of treatment-related 
side effects.89 The updated American Thyroid 
Association guidelines for MTC provided a clear 
and consistent recommendation: patients with 
significant tumor burden and symptomatic or 
progressive metastatic disease, as defined by 
RECIST criteria, should be considered for sys-
temic therapy with MKIs targeting both RET and 
VEGFR tyrosine kinases. The guidelines endorse 
the use of either vandetanib or cabozantinib as 
single-agent first-line systemic therapy for patients 
with advanced progressive MTC.6

These guidelines have traditionally applied to 
all patients, regardless of the presence of ger-
mline or somatic RET mutations. However, 
recent data from the phase III trial of selper-
catinib, which compared its efficacy against 
vandetanib or cabozantinib in RET-mutant 
MTC, may shift the treatment paradigm for 
these patients. The LIBRETTO-531 trial 

demonstrated that selpercatinib significantly 
improved PFS compared to the control group 
(vandetanib/cabozantinib).57 This compelling 
evidence suggests that selpercatinib may become 
the preferred first-line agent for advanced and 
progressive RET-driven MTC.

One significant limitation of this approach is the 
limited and uneven availability of selective RET 
inhibitors, such as selpercatinib or pralsetinib, 
around the world. This limitation underscores the 
importance of considering MKIs as the first-line 
treatment while anticipating that selective RET 
inhibitors will become accessible at some point 
during the disease progression.93

The identification of RET mutations plays a piv-
otal role in the management of MTC.39,94 
Germline RET mutation testing is essential for all 
patients diagnosed with MTC, either before or 
after surgery, as it informs hereditary risk assess-
ment and screening for multiple endocrine neo-
plasia type 2 (MEN2) syndromes. Furthermore, 
testing for somatic RET mutations is critical in 
patients being considered for systemic therapy, 
particularly with highly selective RET inhibitors 
such as selpercatinib and maybe in cases with 
structural disease, biochemical persistence of the 
disease, and risk factors for structural disease 
development.95 The availability of RET mutation 
status allows for personalized treatment strate-
gies, maximizing therapeutic efficacy and mini-
mizing unnecessary interventions.39 This 
approach aligns with current guidelines and 
recent evidence highlighting the transformative 
impact of RET-targeted therapies on disease 
outcomes.

Although hereditary MTC is primarily driven by 
germline RET mutations, additional somatic 
events can significantly influence disease behavior 
and therapeutic choices. Recent findings indicate 
that a noteworthy subset of MTC tumors harbor 
in-frame RET insertions/deletions, which can be 
associated with more aggressive disease yet 
remain highly responsive to selective RET inhibi-
tors such as selpercatinib.96 Somatic retroposed 
copies of the RET gene have also been detected 
in both sporadic and hereditary MTC, under-
scoring the complexity of tumor evolution and 
the potential for additional mutational “hits” 
beyond the germline event.97 Furthermore, het-
erogeneity in RET mutations—where primary 
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tumors and their metastases display distinct 
somatic variants—has been documented in 
advanced MTC, highlighting the importance of a 
comprehensive molecular assessment that extends 
beyond germline testing alone.98 Together, these 
studies support the inclusion of somatic genetic 
testing in hereditary MTC to refine prognostica-
tion, guide targeted therapy, and ensure that all 
actionable RET alterations are identified. 
However, while this approach is seldom required 
in routine clinical practice, it can be valuable for 
clinical research and for guiding future research 
directions.

Neoadjuvant therapy for locally  
advanced MTC
There is limited published data on the use of 
MKIs as neoadjuvant therapy in patients with 
MTC. The earliest report, dating back to 2010, 
described a patient initially misdiagnosed with 
anaplastic thyroid carcinoma and treated with 
sunitinib, resulting in tumor reduction. The 
correct diagnosis of MTC was confirmed 
through pathological examination after surgical 
intervention.99 A second case report was pub-
lished with successful results after the off-label 
use of lenvatinib.100

Another case reported the use of vandetanib in a 
pediatric patient, where surgical treatment 
became feasible with an R1 resection after 
66 months of therapy, including a dose escalation 
from 100 to 200 mg of vandetanib at 43 months.101 
In addition, Russel et al.102 showed an R1 resec-
tion after crizotinib/alectinib in one patient with 
MTC presenting an ALK fusion.

To our knowledge, to date, there have been no 
published reports on the use of cabozantinib as 
neoadjuvant therapy for MTC.

In a published series, none of the six MTC 
patients treated with vandetanib as neoadjuvant 
therapy achieved sufficient tumor reduction to 
allow for surgical resection.103 In contrast, selp-
ercatinib has demonstrated a higher ORR in 
patients with advanced MTC.57 A recent case 
series of neoadjuvant therapy with selpercatinib 
reported tumor reductions ranging from 24% to 
55% in four patients, enabling R1 resection 
after selpercatinib treatment.104 However, in  
the recently published neoadjuvant real-world 

experience in Latin America, the only patient 
who received selpercatinib experienced only a 
25% reduction in tumor size, with the final sur-
gical outcome classified as R2 due to an exten-
sive inaccessible mediastinal mass.103

Another crucial point is that the necessary time 
for MKI or highly selective RET inhibitors to 
ensure a safe surgical procedure is at least five 
half-lives of the administered drug.105 In addition, 
the decision to resume these drugs after a major 
surgical procedure should be based on clinical 
judgment regarding adequate wound healing. 
Theoretically, after five half-lives, the body has 
almost completely eliminated these drugs. 
However, their half-lives vary significantly, with 
lenvatinib having an estimated half-life of 28 h, 
and vandetanib 19 days. Therefore, five half-lives 
for lenvatinib are 6 days, but for vandetanib, it is 
more than 3 months. Most authors recommend 
waiting 1 week for surgery for most MKIs, except 
for vandetanib. However, in the published suc-
cessful neoadjuvant case with vandetanib, it was 
discontinued 1 week before surgery and resumed 
1 week after with no complications.101

In conclusion, the timing and choice of systemic 
therapy in advanced MTC should be personal-
ized, considering the patient’s clinical status, dis-
ease progression, and availability of targeted 
therapies. A multidisciplinary approach and thor-
ough patient engagement are crucial for optimal 
treatment planning and execution.

Figure 1 presents a streamlined algorithm 
designed to assist in identifying the most appro-
priate moment to initiate systemic therapy for 
patients with advanced MTC.

Conclusion
Patients with metastatic and progressive MTC 
are at risk of local complications from tumor 
growth as well as systemic complications due to 
hormonal production, such as Cushing’s syn-
drome and severe diarrhea. Moreover, these 
patients have significantly reduced survival rates. 
The advent of TKIs for MTC represented a para-
digm shift, offering a viable clinical option for 
patients previously considered untreatable. 
Currently, the development of newer therapies, 
particularly selective RET inhibitors, marks a  
significant milestone in the treatment of MTC. 
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Figure 1.  Proposed algorithm for the treatment of advanced MTC.
Genetic alteration found: if RET-variant MTC consider selective RET inhibitor (selpercatinib or pralsetinib).
MKI, multikinase inhibitors (vandetanib/cabozantinib); MTC, medullary thyroid cancer.
Description of the algorithm for the treatment of advanced MTC.
○ � Initial assessment:

• � Confirm diagnosis: Ensure diagnosis of advanced MTC through histopathological, imaging, and molecular testing.
• � Baseline evaluation: Assess tumor burden using anatomical imaging (CT/MRI) and measure serum calcitonin and CEA levels 

and calcitonin and CEA doubling times. Considering incorporation of PET DOTATATE for evaluation of rising tumor markers. 
In addition, a baseline brain MRI in cases starting systemic therapies to screen for brain metastases and periodically during 
treatment, especially if progression of rising biochemical markers.

○ � Monitoring disease progression:
• � Regular imaging: Perform periodic (every 3–12 months) imaging to monitor tumor size and progression according to RECIST 

1.1 criteria.
• � Biomarker analysis: Regularly measure serum calcitonin and CEA levels (every 3–12 months) to track disease activity.

○ � Evaluating symptomatic and tumor burden:
• � Symptomatic evaluation: Determine the presence and severity of symptoms affecting the patient’s quality of life.
• � Tumor burden assessment: Evaluate the extent of metastatic disease and tumor size, particularly noting any lesions close to 

vital structures.
○ � Decision criteria for systemic therapy:

• � Progressive disease: Consider systemic therapy if there is documented radiographic progression.
• � High tumor burden: Initiate treatment in cases with a high tumor burden, even if asymptomatic, to prevent complications.
• � Potentially symptomatic disease: Start systemic therapy if the metastatic lesions are amenable to generate symptoms 

attributable to tumor growth (e.g., subpleural lesions and brain metastasis).
• � Symptomatic disease: Start systemic therapy if the patient experiences symptoms attributable to tumor growth or metastasis. 

Symptoms might also include the ectopic secretion of peptides by the tumor causing severe diarrhea, or ectopic Cushing 
syndrome.

○ � Choice of systemic therapy:
○ � For the initiation of a selective TKI there are two possibilities: finding of RET somatic variant or a hereditary form of the disease:

• � RET-mutant MTC: For patients with RET mutations, consider selective RET inhibitors such as selpercatinib (or pralsetinib), 
given their superior efficacy.

• � Non-RET-mutant MTC: For patients without RET mutations, or where selective inhibitors are unavailable, use MKIs such as 
vandetanib or cabozantinib.

○ � Multidisciplinary team input:
• � Collaborative decision-making: Involve a multidisciplinary team, including endocrinologists, oncologists, surgeons, and 

palliative care specialists, to optimize treatment decisions and patient care.
○ � Patient engagement:

• � Shared decision-making: Engage the patient in discussions about potential treatment options, risks, benefits, and 
preferences to ensure a personalized approach.

MTC, medullary thyroid cancer; RET, rearranged during transfection; TKI, tyrosine kinase inhibitor.
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Clearly, the future for patients with metastatic, 
progressive, and symptomatic MTC is becoming 
increasingly hopeful.
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